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FOREWORD 
The membrane bioreactor systems have been increasingly used for domestic 
wastewater treatment. At recent years, these systems can be preffered as industrial 
wastewater treatment process. In this thesis work, the laboratory and pilot scale 
membrane bioreactor systems were used for treatment of textile industry wastewater 
and the wastewater treatment performance was determined with filtration and 
treatment parameters. 
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INVESTIGATION OF TEXTILE INDUSTRY WASTEWATER 
TREATMENT USING LABORATORY AND PILOT SCALE SUBMERGED 
MEMBRANE BIOREACTORS (MBR) 
SUMMARY 
Textile industry wastewaters are characterized by a high variability of flow and 
pollutant load and high organic filler, much higher than that of a municipal sewage. 
Moreover, the high water consumption (operations of dyeing, bleaching and 
washing) and the various characteristics of different effluents generate in the textile 
field, without going into considerations regarding the industries diversity and 
manufacturing types. For the treatment of the effluent of textile industry above 
mentioned, the membrane processes play a key role, being different references 
literature regarding separate wastewater treatment processes by membrane. 
Therefore, the treatment of wastewater with high levels of color, salt and organic 
materials will be very important in preventing the potential ecological damage 
resulted from the eco-toxicological and bioaccumulative effects of dyes in receiving 
environments. So, the textile sector needs to put into practice new strategies for 
wastewater management that will reduce the environmental impact of its excessive 
water consumption and high dye and auxiliary chemical expenditures. Accordingly, 
it is necessary to develop innovative methods for wastewater treatment and recycling 
in the industry. Wastewater is then not considered as waste but as a resource of 
water, energy or chemicals. Membrane Bioreactors (MBRs) technology for textile 
wastewater treatment will be an essential part of advancing such water sustainability 
because they encourage water reuse and open up opportunities for decentralized 
treatment. Membrane bioreactor technology (MBR) is a combination of the activated 
sludge process with micro- and ultrafiltration and is widely regarded as an effective 
tool for industrial water treatment and reuse due to its high product water quality and 
low footprint. Due to their robustness and flexibility submerged MBR systems are 
more and more preferred. Chemical and conventional methods are unfortunately not 
enough. Recently biological approaches are encouraged because of most nature one 
and also lots of study focus on and insist on optimization of biologial treatment for 
textile and any kind of industry wastewater. It is a need both biologic and pilot scale 
study due to its absense. 
The aim of this work is to laboratory and pilot scale MBR process using 
ultrafiltration (UF) and microfiltration (MF) hollow fibre membranes to treat real 
textile wastewater removing highly biodegradable organics and coloring matters and 
dyestuffs, which are low in biodegradability. Also it is compared similar studies and 
evaluated with them. Pilot scale MBR was operated at three periods. At first period, 
MF membrane was used at MBR during 29 days. At second period, UF membrane 
was carried out at system for 25 days. At last period, anaerobic pretreatment was 
applied before MBR having UF membrane for 26 days.And then the system was 
operated at second period again for 20 days. The wastewater parameters such as 
COD and color were measured during operation. Therefore, the operational 
parameters of MBR were followed by portable measurement devices (pH, 
temperature, ORP, flux, vacuum pressure, flowrate) and also laboratory analysis 
(MLSS and MLVSS).60 % and 47,1% removal rate were gained COD and color 
issue (PtCo metod) respectively. The maximum removal efficiency was observed at 
third period. However,lab scale flat sheet membrane bioreactor was operated during 
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42 days with same real wastewater.50% and 41-45 % removal rates were gained 
COD and color (RES method) respectively. 
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TEKSTİL ATIKSULARININ LABORATUVAR VE PİLOT ÖLÇEKLİ 
MEMBRAN BİYOREAKTÖRLER İLE ARITILABİLİRLİĞİ 
ÖZET 
Tekstil endüstrisi atıksuları konvansiyonel arıtma yöntemleri ile (biyolojik arıtma, 
koagülasyon, flokülasyon, adsorbsiyon) arıtımı zor olan atıkları içermektedirler. Bu 
atıksular biyolojik olarak ayrışamayan ve toksik maddeleri de içeren, yüksek 
hacimde ve oldukça çeşitli türde bileşenlerden oluşmaktadır. Bununla birlikte bu 
endüstrinin neredeyse bütün aşamalarında su kullanılmaktadır. Bu çeşitlilik, 
uygulanan endüstriyel proseslerinin çeşitliliği ile kullanılan çok sayıda kimyasal ve 
diğer maddelere bağlı olup, her atık türü ayrı bir arıtma problemi yaratmaktadır. 
Tekstil atıksularının arıtımında uygulanan konvansiyonel yöntemler arasında, 
biyolojik arıtma, fiziksel-kimyasal prosesler, adsorbsiyon ve kimyasal oksidasyon 
yer almaktadır. Kimyasal arıtma genellikle atıksu içindeki yabancı maddeleri bir 
kimyasala bağlanmasıyla sudan ayrılması esasına dayanmaktadır. Bununla birlikte 
günümüzde çamur üretimi büyük ve aşılması gereken bir sorun olarak durmaktadır. 
Kimyasal arıtmada oluşan fazla miktardaki çamurun arıtılması zorlaşmaktadır. Ozon 
ile oksidasyon ise her türlü atıksuya uygulanabilmesine rağmen, pahalılığı sebebiyle 
tercih edilememektedir. En yaygın olarak kullanılan biyolojik arıtmada genellikle 
boyaların aromatik yapıları ve toksisiteleri nedeniyle etkin bir renk giderimi 
sağlanamamaktadır. Biyolojik prosesler genellikle bakterilerin izole edilerek ve 
istenilen tarzda substrata alıştırılarak renk ve karbonlu maddelerin giderimini 
sağlamaktadır. Laboratuvar şartlarında iyi performans gösteren bakterilerin gerçek 
atıksuda aynı performansı gösteremediği söylenmektedir. Fiziksel-kimyasal 
proseslerde ise yüksek kimyasal doz ve çamur üretimindeki artış, adsorbsiyonda 
sınırlı kapasite ve kimyasal oksidasyonda ise toksik ara ürünlerin meydana çıkması 
gibi sorunlar bu yöntemlerin başlıca dezavantajlarıdır. Günümüzde mevcut 
yöntemlerin etkin bir arıtma sağlayamaması ve deşarj standartlarının giderek 
katılaşması nedeniyle ozonlama, fotokataliz ve membran prosesleri gibi ileri arıtma 
yöntemlerine ihtiyaç duyulmaktadır. Bazı durumlarda ise klasik yöntemlerin birden 
fazlası birlikte kullanılmaktadır. Tek başına veya birlikte kullanılan konvansiyonel 
yöntemler temel olarak deşarj standartlarını sağlamaya yönelik olarak 
uygulanmaktadır. Aynı zamanda  tekrar kullanım yaklaşımını benimseyen endüstriler 
de bulunmaktadır. Membran prosesler ise buna ek olarak, atıksuda bulunan değerli 
maddelerin ve suyun geri kazanımı söz konusu olduğunda üstün arıtma 
performansları ile gelecek vaat etmektedir. Membran prosesler hem kumaş boyasını 
uzaklaştırma ve kimyasal maddelerin yeniden kullanımını sağlama hem de boya 
malzemesi ile yardımcı kimyasal maddeleri konsantre hale getirme ve temiz su elde 
etme potansiyeline sahiptir. Membran biyoreaktörler de biyolojik prosesler ile 
filtrasyon prosesini birleştiren sistemlerdir. Membran biyoreaktörlerin evsel ve çeşitli 
endüstriyel atıksuların arıtımı üzerine farklı işletme şartları ve filtrasyon seçimi ile 
oldukça fazla çalışmalar mevcuttur. Diğer endüstri atıksularıyla karşılaştırıldığında 
tekstil atıksuları KOİ içeriği, en zor parçalanan KOİ olarak nitelendirilmektedir. 
Arıtımı zor olan bir atıksu olduğundan, genellikle birleşik/hibrit sistemler ile 
arıtılmaktadır. Bununla birlikte yalnızca kimyasal ya da yalnızca biyolojik olarak 
arıtılabilirliğine dair literatürde çokça çalışma bulunmaktadır. Tekstil atıksuyunda 
takip edilmesi gereken temel parametreler KOİ ve renk olarak değerlendirilmektedir. 
Tekstil atıksularını diğer endüstriyel atıksulardan ayıran en önemli özellik bu 
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atıksuların renkli olmalarıdır. Kullanılan renkler ve bu renkleri elde etmekte 
kullanılan kimyasal maddelerin çok çeşitli olması, bu atıksuların diğer kirletici 
parametrelerinin de çok çeşitli olmasının en önemli sebebidir. Tekstil atıksularının 
geniş pH aralığı, pH toleransı düşük olan konvansiyonel biyolojik ve kimyasal arıtma 
tesislerinde zorluklara sebep olmaktadır. Boyar maddelerin yüksek moleküllü 
bileşikleri biyolojik olarak ayrışmaya dirençli olduklarından aktif çamur 
sistemlerinde biyolojik olarak indirgenememektedir. Aynı zamanda ağartma ve 
temizleme için kullanılan kimyasallar da (deterjan, polihidroksialkanatlar b.) bu 
içeriğe dahildir. Şimdiye kadar tekstil endüstri atıksularının arıtılmasında çeşitli 
metotlar denenmiştir. Biyolojik arıtım yaklaşımı kimyasal arıtım teknolojileri daha 
kesin sonuç vermesine rağmen daha çevresel bir yaklaşım olduğundan, yaygın bir 
şekilde kullanılmaktadır. Tekstil atıksularının biyolojik arıtımında genellikle zor 
parçalanan KOİ ve boya maddesi için kullanılan renk içermesi klasik yöntemlerle 
arıtımını zorlaştırmaktadır. Membran Biyoreaktörler son yıllarda hem evsel hem de 
endüstriyel atıksuların arıtımı için klasik aktif çamur sistemlerine alternatif olarak 
kullanılmaktadır. Yalnızca biyolojik arıtma tercih edilen sistemler, özel olarak zor 
parçalanan KOİ ve boya maddesine dayanıklı ya da bu tür maddeleri subsrat olarak 
kullanabilen bakteri ya da fungi çeşitlerini izole ederek arıtma çalışmalarıdır. 
Aerobik granüler çamurlu reaktörler ve akışkan yataklı reaktörler de literatürde 
rastlanabilir iki yaklaşımdır. Bu iki çalışma tekstil atıksuları için denenmiş radikal 
biyolojik arıtma yöntemi olarak değerlendirilebilir. Reaktör tasarımı mikrobiyal 
topluluğun teksil atıksuları gibi zor arıtılabilen atıksuları daha iyi tolere etmesi 
amaçlı tasarlanmaktadır Bu gibi uygulamalara akışkan yataklı reaktörler, ve aerobik 
granüler çamur uygulamaları haricinde ender de olsa tutunarak çoğalma, biyofilm, 
örnek gösterilebilir. MBR’lar ise genellikle filtrasyon prosesiyle birlikte tipik aktif 
çamur sistemlerinin birleşimi olarak bilinmektedirler. Por boyutuna bağlı olarak çok 
iyi çıkış suyu kalitesi elde edilebilmektedir. Zorlaşan deşarj değerleri ve geri 
kazanım/kullanıma yönelik uygulamalar ve yaklaşımlar MBR sistemleri tercih 
ettirmektedir. MBR tasarımının biyolojik reaksiyonların verimini arttırdığı 
düşünülmektedir. MBRlar gerçek ölçekli sistemlerde ilk uygulandığında 
konvansiyonel sistemlerle bolca karşılaştırılmış ve uygulanabilirliğine yönelik 
optimizasyon çalışmaları hızlanmıştır. MBRlarda en çok rastlanan problemlerden biri 
olan tıkanma özellikle işletme şartları dikkate alınarak kontrol edilmeye çalışılmıştır. 
Biyokütle ve askıda katı maddelerin membran filtrasyonu ile tutulması ve dolayısıyla 
son çöktürme tankına gerek kalmaması da (reaktör hacminin azalması) MBR’ların 
tercih edilmesini kolaylaştırmaktadır. Bununla birlikte yukarıda bahsedildiği gibi, 
biyolojik arıtım bakış açısı ile de bazı temel avantajlar sağlamaktadır. Yüksek 
biyokütle konsantrasyonu, çamur yaşı ve hidrolik bekletme süresinin birbirinden ayrı 
kontrol edilebilmesi MBR’ları daha cazip hale getirmekte, uygulama alanını 
genişletmektedir. Yüksek biyokütle konsantrasyonuna klasik sistemlerde karşılaşılan 
sorunlar olmadan ulaşılması, SRT ve HRT’nin birbirinden bağımsız kontrolü (su 
porlardan geçerken, biyokütle geçemez) hem çamur yaşı aralığını genişletilmiş hem 
de hidrolik bekletme süresiyle sistemin hızı daha kolay ayarlanabilmektedir. İyi 
filtrasyon verimi ve dolayısıyla renk giderimi çöktürme ünitesinin gerekliliğini 
azaltmış ve son yıllarda endüstrilerin arzuladığı verimli arıtım ve hatta geri kazanım 
ve geri kullanım için en uygun yaklaşım gibi görünmektedir. Farklı reaktör tasarımı 
ile aynı reaktör içerisinde anaerobik, anoksik, aerobik şartlar sağlanabilmektedir. 
Endüstriyel atıksular özellikle tekstil atıksuları biyolojik uygulamalarla arıtılması zor 
olan atıksulardır. Aynı zamanda tekstil endüstrisi proseslerinin neredeyse tamamı yaş 
(su kullanılan) proseslerdir. MBR’ların, rahat ve geniş şartlarda uygulanabilmesi, az 
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çamur üretimi, hızlı adapte olabilmesi, şok yüklemeleri iyi tolere edebilmesi, az 
çamur üretimi ve çoğu zaman iyi çıkış kalitesi ile endüstriyel atıksuların arıtımında 
kullanılması ve araştırılması oldukça olağan görünmektedir. Şimdilerde 
konvansiyonel ve kimyasal arıtmalardansa biyolojik, ileri ve geri kazanımı 
önemseyen yaklaşımlar ön plandadır ve desteklenmektedir. Çalışmalar biyolojik 
arıtmaların optimizasyonu üzerine yoğunlaşmaktadır. Mantarların bazı türlerinin 
membran filtrasyonu ile gerçek tekstil atıksuyu arıtımında kullanılması buna bir 
örnektir. Mantarlar bakterilere nazaran daha çok çalışmada kullanılmıştır. Bakteriler 
ve membran sistemleri birleştiren çalışmalar da bulunmaktadır. Ya da aktif karbon 
adsorpsiyonu, biyolojik sistemlerin birleştirildiği uygulamalar bu optimizasyon 
çalışmaları sonucu oluşmuştur. Anaerobik arıtma da bunlardan biridir. Zor 
parçalanan maddelerin önce anaerobik sistemden geçerek parçalanmasını 
kolaylaştırmak amaçlanmıştır. Fakat pilot ölçekli ve gerçek atıksu ile tekstil 
atıksuyunu MBR ile arıtma kapsamında sınırlı çalışma bulunmaktadır. Çalışmalar 
genellikle laboratuvar ölçekte ve sentetik atıksuyuna yoğunlaşmış, gerçek atıksu e 
pilot ölçekli sistemleri kapsayan çalışmaların azlığı belli bir eksiklik oluşturmaktadır. 
Bu tez çalışmasında bu kapsamda, laboratuvar ve pilot ölçekli batık membran biyo 
reaktörler (MBR) gerçek tekstil atıksuyu ile çalıştırılarak sistemlerin performansı 
incelenmiş, benzer çalışmalar ile karşılaştırılmıştır. Laboratuvar ölçekli sistem 42 
gün çalıştırılırken, pilot ölçekli sistem ise mikrofiltrasyon membranlı MBR (MF-
MBR), ultrafiltrasyon membranlı MBR (UF-MBR) ve anaerobik ön arıtmalı UF-
MBR olmak üzere üç farklı koşullarda çalıştırılmıştır. Hem laboratuvar hem de pilot 
ölçekli sistemler aynı atıksu ile beslenmiştir. Çıkış sularında renk ve KOİ analizleri 
yapılmıştır. Pilot ölçekli MBR sisteminin çıkış suyu ile nanofiltrasyon ve ters osmoz 
prosesleriyle geri kazanılabilirlik ve geri kullanılabilirlik tespit edilmiştir. İşletme 
sırasında MBR sisteminin aerobik tankındanki UAKM ve AKM konsantrasyonun 
sürekli azaldığı görülmüştür. Bu azalma giriş suyunun zor parçalanır KOİ’den 
oluştuğunu göstermektedir. Pilot ölçekli sistemde ortalama %60 KOİ ve %47,1 
(PtCo) renk giderimi gözlenmiştir. KOİ çıkış değerleri MF membrandan UF 
membran kullanımına geçildiğinde azaldığı gözlenmiştir.  
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1.  INTRODUCTION 
Textile products are among the basic needs of human being. The textile industry is 
one of the most complicated industries among manufacturing industry. Increased 
population and modernized civilization trend gave rise to blooming of textile sector. 
The manufacture of several textile products involves the use of lots of different dyes 
and auxiliary chemicals (e.g. salts, organic compounds) in many different industrial 
processes (dyeing, bleaching, printing, washing, etc.) that produce wastewater with 
complex and many variable characteristics that makes their treatment particularly 
difficult. With the more and more restrictive effluent quality required by water 
authorities as well as the increasing water shortage, it is becoming increasingly 
necessary to treat textile wastewater essentially in view of its reuse. Conventional 
treatments applied before textile wastewater being discharged into the municipal 
sewage are biological and physical-chemical treatments. Biological treatment by 
activated sludge offers high efficiency in COD removal (sometimes not), but can not 
eliminate the color because of the use of non-biodegradable dyes, and it is not able to 
remove water salinity either. Physical–chemical treatment allows reducing dissolved, 
suspended, and colloidal and nonsettleable materials from water by chemical 
coagulation followed by gravity settling. This method can eliminate completely the 
color, but has major drawbacks including the difficult management of the produced 
physical–chemical sludge, the high chemical costs, as well as the low soluble COD 
and salinity removal efficiency. Other methods such as electrochemical treatment, 
chemical oxidation by ozone, or a combination of UV-radiation, ozone and H2O2, 
have held great promise to provide alternative for better treatment of the textile 
wastewater, however these methods are quite costly and do not remove water 
salinity. Membrane processes could be successfully used not only for producing 
purified water but also for recycling of specific contaminants in industrial effluents 
by an efficient separation. Membrane separation as one of the most promising 
technologies has become increasingly attractive for reclamation of wastewater due to 
its high efficiency, ease and economy of operation. In addition, Membrane 
Bioreactors (MBRs) that is combination of membrane filtration and activated sludge 
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system has some advantages rather conventional activated sludge is what allowing 
the higher biomass concentration and good separation with no necessity clarifier. 
Also in terms of industrial wastewater. Membrane technology offers a realistic 
solution to meet the increasingly strict discharge limits and to reuse the textile 
wastewater by providing treated water with good quality. 
1.1 Purpose of Thesis 
The main objective of this thesis is to investigate performance of submerged 
membrane bioreactors for textile wastewater treatment as pilot scale system and 
laboratory scale system. Due to nature of textile wastewater biologically-difficult-to-
degrade usually advance treatment technology was applied. MBR system is 
combination of filtration and active sludge system and has some basic advantages 
according to conventional and single system. In literature lots of study has membrane 
process but it is hard to run across as a pilot scale membrane bioreactor design 
(MBR) with textile wastewater. Desirable treatment is described degrading, reducing 
the pollutants reach up to reuse. Single and chemical systems are evaluated 
unrealistic. Biological novel treatment system is more attractive for high strength 
industry wastewater. The main aim of this study is to efficiently remove color and 
COD from real textile wastewater using MBR technology. MBR technology is of 
great interest because of its capability to provide astable and high quality treatment.  
1.2 Scope of Thesis 
In this thesis study, laboratory and pilot scale submerged MBR were carried out. At 
laboratory scale studies, a submerged flat-sheet membrane bioreactor having 
working volume of 19 L was operated during 42 days in order to determine COD and 
colur removal efficiency with textile wastewater. At pilot scale studies, three 
different operation periods were conducted a submerged hollow fibre membrane 
bioreactor; UF-MBR, MF-MBR, pre-anaerobic UF-MBR were applied respectively. 
At the end of MBR testes, the reuse capacity of pilot scale-MBR effluent was 
searched with nanofiltration and reverse osmosis membranes. Water characteristcs 
and filtration parameters were followed during all experiments. 
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2.  LITERATURE REVIEW 
2.1  General Properties of Textile Industry 
Textile industry includes some process like slashing/sizing, desizing, scouring, 
bleaching, mercerizing, weight production, dyeing and rinsing, oiling, fulling, 
carbonizing, printing and rinsing, finishing and also the industry is also one of the 
most water consuming industrial sectors: for instance, the textile dye process 
consumes even more than 100 L/kg of fabric processed. The process are explained 
briefly: 
Slashing is that Cotton or synthetic threads are treated with a large amount of 
reusable thickening agent (Poly Vinyl Alcohol-PVA) to impart tensile strength  and 
smoothness.  
Desizing is to allow further wet processing, PVA is removed with a weak oxidizing 
agent, boiling water/detergent.  
Scouring impurities in natural fibers (grease, wax etc.) or in synthetic fibers 
(catalysts, low molecular weight compounds etc.) are removed using caustic -
soda/ash, detergent etc.  
Bleaching is that naturally occurring pigments are removed using peroxide and 
caustic.  
Mercerizing is that Cotton is treated with concentrated caustic to correct curling of 
fiber, educing shrinkage and increasing dye affinity, following removal of the added 
chemical by warm water/detergent wash. Weight production is that Polyester fiber is 
treated with caustic, following its removal by hot and cold water wash, whereupon 
10-20% of weight of fiber is expelled as organic acid.  
Dyeing and rinsing is that different types of dyes along with wide range of dyeing-
auxiliaries, e.g., electrolyte, dispersing agent, smoothing agent, surfactants etc. are 
applied. Hot water/detergent rinse is applied to remove unfixed dye and auxiliaries.  
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Oiling is that to increase the cohesion of the fibers and aid in spinning, olive oil/ 
mineral oil with non-ionic emulsifier is sprayed on wool, and washed out later on.  
Fulling is that loosely woven wool from the loom is shrunk into a tight, closely 
woven cloth using detergent, caustic, sequestering agent, which are washed out later 
on.  
Carbonizing using hot concentrated acid the vegetable matter in the wool is 
converted to loose, charred particles, which are mechanically shaken out; finally 
carbonized wool is neutralized.  
Printing and rinsing is that cotton and synthetic fiber similar to dyeing/ rinsing. 
Finishing is that chemicals are added to render antibacterial deodorants, water 
resistance, stain proofing, glossiness etc. Involves less water and related drainage. At 
Fig 2.1, typical flowsheet can be seen.  
  
Figure 2.1 : Typical flowsheet of hosiery dyeing and finishing process 
The textile processing industry is regarded as a water intensive sector as it uses water 
as the principal medium for applying dyes and finishing agents and removing of 
impurities. The main environmental concern is therefore about the amount of water 
discharged and the chemical load it carries. To illustrate, for each ton of produced 
fabric 20–350 m3 of water are consumed, the rather wide range reflecting the variety 
of involved processes and process sequences (Alaton et al.2002). During textile 
dyeing processes, vast quantities of chemicals (dyes, auxiliaries) are consumed, 
which strongly charges the wastewater. However the textile industry is characterized 
not only by the vast quantity of process water used, but also by the variety of 
chemicals used. 
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2.2 Characterization of Textile Wastewater 
As it is understood textile industry process, almost all step is wet. Effluent 
wastewater contains large amounts of dissolved organic matter and inorganic 
substances, high pH value, and a low BOD/COD (biological oxygen 
demand/chemical oxygen demand) ratio. While the wastewater contains heavy 
metals, sulphide components, fats, oils and fibres.  The biodegradability ratios for 
textile and tannery industries are low when compared with food industries due to the 
high content of ‘hard’ COD and other diverse pollutants.  
The residues of non-biodegradable dyes are kept mostly in the wastewater, being the 
result of incomplete binding of dyes to the textile fibre. The average rate of dye-
fixating when dyed with reactive dyes is from 60 to 80%. The residues of non-fixed 
colours are washed from the textile and thus contaminating the wastewater (Petrinic, 
2010). Biodegradability of dyes as well as the removal of colour are fully discussed 
in the literature (Yuzhu 2001, Pearce 2003). Organic matter represents the main 
emission load for textile wastewater suggesting treatment based on biological 
processes. However, the introduction of effective and sustainable water recycling 
techniques in this branch of production is often prevented by recalcitrant organic 
compounds and remaining colour. Because of the poor-biodegradability and 
sometimes even toxicity of the textile wastewater components, an advanced 
treatment technology is necessary. Especially if reuse of treated wastewater is the 
objective, extensive removal of organic contents as well as almost complete 
decolourization is required. Table 2.1 summarized the water quality parameters for 
all process at textile industry. 
Table 2.1 : Water parameters depending on the process type 
Parameter 1 2 3 4 5 6 7 
BOD/COD 0.2 0.29 0.35 0.54 0.35 0.3 0.31 
BOD 6000 300 350 650 350 300 250 
TSS 8000 130 200 300 300 120 75 
COD 30000 1040 1000 1200 1000 1000 800 
Color 2000 1000 - 325 400 600 600 
Water 
Usage 
12  284 113 83 47 100 
In the table the process are; 1:scouring 2: manufacturing 3: wool finishing 4: woven 
finishing 5: knitted fabric finishing 6: carpet finishing 7: dyeing 
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2.3 Treatment Methods for Textile Wastewater 
Textile wastewater is hard to treat with its color issue and recalcitrance of COD. In 
order to reduce environmental impact, discharge limits imposed on textile mills are 
becoming ever more stringent. Stricter regulations are forcing plant managers to 
upgrade existing waste treatment systems or to install new systems where none was 
needed in the past. Moreover, in future reuse of purified effluents will be of 
increasing relevance due to raising water prices as well as to preserve natural water 
resources. For the treatment of textile wastewaters, biological treatment, chemical 
precipitation, adsorption and membrane technology are the common processes 
applied. However, because of low biodegradability, toxicity, and color issues, 
advanced treatment options are generally required for textile wastewaters. More 
stringent discharge limits and increases in process water costs are the main drivers to 
reuse treated wastewaters in textile industry.  
Generally combined technologies is achieved the treatment of textile wastewater. 
Single chemical treatment is not practiced because of cost and high sludge. However, 
the single biological methods can not treat the nonbiodegredable organic compounds 
and color in textile wastewater. Additionally not only treatment, the water reuse is 
wanted while the mechanism. Conventional and novel treatment methods are 
explained at following section. 
2.3.1 Different physicochemical processes 
2.3.1.1 Coagulation-flocculation 
Coagulation-flocculation is a commonly used physicochemical treatment procedure 
that can be employed in textile wastewater treatment plants to decolorize effluent 
also to reduce the total load of pollutants. Complete decolorization of wastewater can 
be achieved through this process (Papic et al., 2004). The main advantage of the 
coagulation-flocculation method is that the textile wastewater can been decolorized 
through the removal of dye molecules from the effluents, and not by partial 
decomposition of dyes, which could produce potentially harmful and toxic aromatic 
compounds (Golob et al., 2005). The efficiency of this method depends on the 
characteristics of raw wastewater, pH and temperature of the solution, the type and 
dosage of coagulants, and the intensity and duration of mixing. 
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2.3.1.2 Adsorption 
Adsorption is the most used method in physicochemical wastewater treatment, which 
can mix the wastewater and the porous material powder or granules, such as 
activated carbon and clay, or let the wastewater through its filter bed composed of 
granular materials. Through this method, pollutants in the wastewater are adsorbed 
and removed on the surface of the porous material or filter. Commonly used 
adsorbents are activated carbon, silicon polymers and kaolin. Different adsorbents 
have selective adsorption of dyes. However, so far, activated carbon is still the best 
adsorbent of dye wastewater. The chroma can be removed 92.17% and COD can be 
reduced 91.15% in series adsorption reactors, which meet the wastewater standard in 
the textile industry and can be reused as the washing water. Because activated carbon 
has selection to adsorb dyes, it can effectively remove the water-soluble dyes in 
wastewater, such as reactive dyes, basic dyes and azo dyes, but it cannot adsorb the 
suspended solids and insoluble dyes. Moreover, the activated carbon cannot be 
directly used in the original textile dyeing wastewater treatment, while generally 
used in lower concentration of dye wastewater treatment or advanced treatment 
because of the high cost of regeneration. 
2.3.2 Membrane separation process 
Membrane separation process is the method that uses the membrane’s micro pores to 
filter and makes use of membrane’s selective permeability to separate certain 
substances in wastewater. Currently, the membrane separation process is often used 
for treatment of dyeing wastewater mainly based on membrane pressure, such as 
reverse osmosis, ultrafiltration, nanofiltration and microfiltration. Membrane 
separation process is a new separation technology, with high separation efficiency, 
low energy consumption, easy operation, no pollution and so on. However, this 
technology is still not large-scale promoted because it has the limitation of requiring 
special equipment, and having high investment and the membrane fouling and so on 
(K.Ranganathan et al.,2007). 
2.3.2.1 Reverse osmosis 
Reverse osmosis membranes have a retention rate of 90% or more for most types of 
ionic compounds and produce a high quality of permeate. Decolorization and 
elimination of chemical auxiliaries in dye house wastewater can be carried out in a 
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single step by reverse osmosis. Reverse osmosis permits the removal of all mineral 
salts, hydrolyzed reactive dyes, and chemical auxiliaries. It must be noted that higher 
the concentration of dissolved salt, the more important the osmotic pressure 
becomes; therefore, the greater the energy required for the separation process (B. 
Ramesh Babu et al.,2007). 
2.3.2.2 Nanofiltration 
Nanofiltration has been applied for the treatment of colored effluents from the textile 
industry. A combination of adsorption and nanofiltration can be adopted for the 
treatment of textile dye effluents. The adsorption step precedes nanofiltration, 
because this sequence decreases concentration polarization during the filtration 
process, which increases the process output. Nanofiltration membranes retain low 
molecular weight organic compounds, divalent ions, large monovalent ions, 
hydrolyzed reactive dyes, and dyeing auxiliaries. Harmful effects of high 
concentrations of dye and salts in dye house effluents have frequently been reported. 
In most published studies concerning dye house effluents, the concentration of 
mineral salts does not exceed 20 g/L, and the concentration of dyestuff does not 
exceed 1.5 g/L. Generally, the effluents are reconstituted with only one dye, and the 
volume studied is low. The treatment of dyeing wastewater by nanofiltration 
represents one of the rare applications possible for the treatment of solutions with 
highly concentrated and complex solutions (B. Ramesh Babu et al., 2007). A major 
problem is the accumulation of dissolved solids, which makes discharging the treated 
effluents into water streams impossible. Various research groups have tried to 
develop economically feasible technologies for effective treatment of dye effluents. 
Nanofiltration treatment as an alternative has been found to be satisfactory. The 
technique is also favorable in terms of environmental regulating. 
2.3.2.3 Ultrafiltration 
Ultrafiltration whose aperture is only about 1nm-0.05μm, enables elimination of 
macromolecules and particles, but the elimination of polluting substances, such as 
dyes, is never complete. Even in the best of cases, the quality of the treated 
wastewater does not permit its reuse for sensitive processes, such as dyeing of textile. 
Rott and Minke (1999) emphasize that 40% of the water treated by ultrafiltration can 
be recycled to feed processes termed “minor” in the textile industry (rinsing, 
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washing) in which salinity is not a problem. Ultrafiltration can only be used as a 
pretreatment for reverse osmosis or in combination with a biological reactor 
(B.Ramesh Babu et al.,2007). 
2.3.2.4 Microfiltration 
Microfiltration whose aperture is about 0.1-1μm is suitable for treating dye baths 
containing pigment dyes, as well as for subsequent rinsing baths. The chemicals used 
in dye bath, which are not filtered by microfiltration, will remain in the bath. 
Microfiltration can also be used as apretreatment for nanofiltration or reverse 
osmosis (B. Ramesh Babu et al., 2007). Textile wastewater contains large amounts of 
difficult biodegradable organic matter and inorganic. At present, many factories have 
adopted physicochemical treatment process.  
Due to the recalcitrant nature of textile wastewater, advance treatment technology are 
preferred for desirable results is what treatment and reuse. In literature, hetero 
process were carried out which is called hybrid/combine process for instance 
membrane filtration together with biological process and membrane filtration with 
chemical treatment. Some cases are mentioned in terms of textile wastewater here: 
Marcucci et al. (2001) goal to compare different membrane process performans 
treating and reusing textile wastewater. Badani et al. (2005) proved UF process after 
the biological treatment side stream membrane % 97 COD removal efficiency was 
attained. Brik et al. (2006) used UF process again COD  removal rate is between 60-
95%.They suggested NF process for color removal. Lu et al. (2010) reported 93%, 
%94, 93%  removal rate COD, color, turbidity respectively via external pilot scale 
membrane. Srivastava et al. (2011) used PVDF membrane as pretreatment by focus 
on its some significant feature which is good perform pH ,hydrophobic adsorp ability 
for dyestuff, perfect coping skill fouling. 97% COD, 85% color removal rate are 
achieved. Lui et al. (2011) compare the RO and NF. İmer et al. (2012) treated the 
dyewash wastewater via decolorization and COD removal with pilot scale system. 
NF and RO were also performed. It was said the highly polluted dyewash wastewater 
could be effectively treated by membranes to produce water for process reuse in the 
dyewashing process. .Li and Wang et al. (2014) made a novel integrated membrane 
coagulation reactor a combination of coagulation and ultrafiltration, was used in 
textile wastewater purification. color could be removed almost completely and COD 
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removal efficiency could reach 88%.Compared to new membrane, the fouled 
membranes were more hydrophobic in this case. This studies are focus on membrane 
filtration not membrane bio reactor.Membrane filtrations are prefered to second 
treatment after chemical or biological treatment,especially to occur color removal 
and to separate hard-non bio degredable COD content from effluent textile 
wastewater. 
2.3.3 Advance oxidation techniques (AOP) 
2.3.3.1 Photochemical AOP 
The photo-activated chemical reactions are characterized by a free radical 
mechanism initiated by the interaction of photons of a proper energy level with the 
chemical species present in the solution. Generation of radicals through UV radiation 
by the homogenous photochemical degradation of oxidizing compounds like 
hydrogen peroxide, ozone or Fenton’s reagent has been frequently reported to be 
superior to sole UV radiation or sole utilization of such oxidants. Highly UV 
absorbing dye wastewater may inhibit process efficiency by limiting penetration of 
UV radiation, necessitating use of high-intensity UV lamps and/or a specifically 
designed reactor. One example of appropriate reactor is a reactor, which generates 
internal liquor flow currents bringing all liquor components into close proximity to 
the UV source. Conversely, a thin-channel coiled reactor may also be used. Pre 
ozonation is proposed to remove high UV-absorbing components, thereby accelerate 
subsequent H2O2-UV treatment by increasing UV-penetration in the literature. 
Simultaneous use of UV/H2O2/O3 has also been reported to yield enhanced reaction 
kinetics. However, this entailed additional cost as compared to UV/ H2O2 or UV/O3, 
and hence such use is recommended to be weighed against degree of removal 
required and associated cost. As activator of oxidants like O3 or H2O2, handful of 
studies have put forward other alternatives to UV, namely, reduced transition metals, 
gamma irradiation, humic substances. 
2.3.3.2 Photocatalysis AOP 
An alternative way to obtain free radicals is the photocatalytic mechanism occurring 
at thesurface of semiconductors i.e., heterogeneous photocatalysis. Various 
chalcogenides (oxidessuch as TiO
2
, ZnO, ZrO
2
, CeO
2
 etc. or sulfides such as CdS, 
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ZnS etc.) have been used as photo-catalysts so far in different studies. However, 
titanium dioxide  in the anatase form is the most commonly used photocatalyst, as it 
has reasonable photoactivity. Moreover it also furnishes the advantages of being 
insoluble, comparatively inexpensive, non-toxic, together with having resistance to 
photo corrosion and biological immunity. The photocatalytic process can be carried 
out by simply using slurry of the fine catalyst particles dispersed in the liquid phase 
in a reactor or by using supported/ immobilized catalysts. 
Limitations of slurry reactors are low irradiation efficiency due to the opacity of the 
slurry, fouling of the surface of the radiation source due to the decomposition of the 
catalyst particles and requirement of ultrafine catalyst to be separated from the 
treated liquid. On the other hand drawbacks of supported photocatalysis are scouring 
of films comprising immobilized powders of catalyst and reduced catalyst area to 
volume ratio. Recently fluidized bed reactors have been reported to take advantages 
of better use of light, ease of temperature control, and good contact between target 
compound and photocatalysts over slurry reactors or fixed bed reactors. 
2.3.3.3 Fenton AOP 
Oxidative processes represent a widely used chemical method for the treatment of 
textile effluent, where decolorisation is the main concern. Among the oxidizing 
agents, the main chemical is hydrogen peroxide (H2O2), variously activated to form 
hydroxyl radicals, which are among the strongest existing oxidizing agents and are 
able to decolorise a wide range of dyes. A first method to activate hydroxyl radical 
formation from H2O2 is the so called Fenton reaction, where hydrogen peroxide is 
added to an acidic solution (pH=2-3) containing Fe
2+
 ions. Fenton reaction is mainly 
used as a pre-treatment for wastewater resistant to biological treatment or/and toxic 
to biomass. Fenton-type reactions based on other transition metals (e.g., Copper), 
although less explored to date, have also been reported to be insensitive to pH and 
effective for degradation of synthetic dyes. The reaction is exothermic and should 
take place at temperature higher than ambient temperature. In large-scale plants, 
however, the reaction is commonly carried out at ambient temperature using a large 
excess of iron as well as hydrogen peroxide. In such conditions ions do not act as 
catalyst and the great amount of total COD removed has to be mainly ascribed to the 
Fe(OH)3 co-precipitation. The main drawbacks of the method are the significant 
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addition of acid and alkali to reach the required pH, the necessity to abate the 
residual iron concentration, too high for discharge in final effluent, and the related 
high sludge production. 
2.3.3.4 Chemical oxidation 
Chemical operations, as the name suggests, are those in which strictly chemical 
reactions occur, such as precipitation. Chemical treatment relies upon the chemical 
interactions of the contaminants we wish to remove from water, and the application 
of chemicals that either aid in the separation of contaminants from water, or assist in 
the destruction or neutralization of harmful effects associated with contaminants. 
Chemical treatment methods are applied both as stand-alone technologies and as an 
integral part of the treatment process with physical methods (K.Ranganathan et 
al.,2007).Chemical operations can oxidize the pigment in the printing and dyeing 
wastewater as well as bleaching the effluent. Currently, Fenton oxidation and ozone 
oxidation are often used in the wastewater treatment. 
2.3.3.5 Ozone oxidation 
It is a very effective and fast decolorising treatment, which can easily break the 
double bonds present in most of the dyes. Ozonation can also inhibit or destroy the 
foaming properties of residual surfactants and it can oxidize a significant portion of 
COD. Moreover, it can improve the biodegradability of those effluents that contain a 
high fraction of nonbiodegradable and toxic components through the conversion (by 
a limited oxidation) of recalcitrant pollutants into more easily biodegradable 
intermediates. As a further advantage, the treatment does increase neither the volume 
of wastewater nor the sludge mass. Full-scale applications are growing in number, 
mainly as final polishing treatment, generally requiring up-stream treatments such as 
at least filtration to reduce the suspended solids contents and improve the efficiency 
of decolorisation. Sodium hypochlorite has been widely used in the past as oxidizing 
agent. In textile effluent, it initiates and accelerates azo bond cleavage. The negative 
effect is the release of carcinogenic aromatic amines and otherwise toxic molecules 
and, therefore, it should not be used (Sheng.H et al., 1997). 
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2.3.4 Biological treatment methods 
2.3.4.1 Aerobic treatment 
Biological treatment using activated sludge in aerobic condition is one of regularly 
used treatment methods for textile dyeing effluent (Joshi et al. 2004). Stabilization 
ponds, aerated lagoons, or percolating filters are widely applied in aerobic treatment. 
In aerobic treatment, microorganism utilizes dissolved oxygen and finally, wastes are 
converted into more biomass and carbon dioxide. Organic matter is partially oxidized 
and some of the energy produced is used for generating new living cells under the 
formation of flocs. After the flocs has been settled down, are removed as sludge 
(Chrisie et al. 2005). The results of various researcher showed that the dyestuffs were 
not showing any considerable biodegradation under aerobic conditions. However, 
research is continued to isolate aerobic microorganisms capable of degrading dyes 
and dye related compounds. Bacteria and fungi are the two microorganism groups 
that have been most widely (Rai et al., 2005). 
Treatment by fungi 
In nature, most efficient class of microorganisms in degrading synthetic dyes is the 
white-rot fungi (WRF). WRF are a class of microorganisms that produce efficient 
enzymes capable of decomposing dyes under aerobic conditions (Ali et al. 2011). 
Lignin modifying enzymes (LME) from WRF, including Manganese Peroxisade 
(MnP), Lignin Peroxidase (LiP) and laccases, are directly involved in the degradation 
of not only lignin in their natural lignocellulosic substrates but also various 
recalcitrant xenobiotic compounds including dyes (Erkut,2010). Peroxidases and 
laccases of WRF are oxidative enzymes, which do not need any other cellular 
components to work. Phanerochaete chrysosporium, lignin-degrading white rot 
fungus, was studied widely during the last decade due to its capability to degrade 
many recalcitrant pollutants including chlorophenols, nitrotoluenes, and polycyclic 
aromatic hydrocarbons. Additionally, it is also established that it is able to decolorize 
a wide range of dyes. Phanerochaete chrysosporium was reported to be able to 
decolorize various azo dyes, under aerobic conditions. It has been assumed that in the 
decolorization process of dye, various extracellular peroxidases or laccases are 
involved.Laetiporus sulphureus and several Cyathus species have been described in 
literature to degrade triphenylmethane dyes (Forgacs et al., 2004). 
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Treatment by bacteria  
Bacterial decolorization is usually faster as compare to fungal decolorization 
(Jirasripongpun et al., 2007 and Ali 2010) Numerous bacteria capable to degrade 
dyes have been reported. Efforts to isolate bacterial cultures capable of degrading azo 
dyes started in the 1970s with reports of a Bacillus subtilis, then Aeromonas 
hydrophila, followed by a Bacillus cereus (Anjaneyulu et al. 2005). Recent reports 
have demonstrated that some bacterial strains can mineralize various dyes under 
aerobic conditions (Rai et al., 2005). Some researcher have been also applied 
Sulphate reducing bacteria for degradation of dyes (Togo et al. 2008 and Parshetti et 
al. 2009). Rhizobium radiobacter had applied for the biodegradation of 
triphenylmethane dye. (Parshetti et al., 2009)  During the past few years, many 
bacterial strains have been isolated that can aerobically decolorize azo dyes. Many of 
these strains require organic carbon sources, as they cannot utilize dye as the growth 
substrate. Many bacterial strains are reported as dye decolorizer or dye degrader like: 
Bacillus megaterium, Alcaligenes faecalisand,Rhodococcus erythropolis ,Bacillus 
licheniformis, Rahnella aquatilis, Acinetobacter guillouiae, Microvirgula 
aerodenitrificans, Pseudomonas desmolyticum. 
2.3.4.2 Anaerobic treatment 
There are many reports are available in recent past that under aerobic condition dye 
decolorization is achieved successfully but the general observation of non-
biodegradability of most azo dyes in conventional aerobic condition still persists. On 
the other hand, the potential of anaerobic microorganisms to decolorize dyes is well 
documented and established (Rai et al.,2005). By using sludge, anaerobic reduction 
of azo dyes can be an effective and economic treatment process for removing color 
from textile wastewater. The efficacy of various anaerobic treatment applications for 
the degradation of a wide variety of synthetic dyes has been many times 
demonstrated. The investigations on anaerobic decolorization of azo dyes were 
started way back in the early 1970s. Several laboratories reported decolorization of 
azo dyes using intestinal anaerobic bacteria. The potential of intestinal anaerobes to 
decolorize azo dyes was further established by many other researchers. Anaerobic 
bioremediation allows azo and other water-soluble dyes to be decolorized. This 
decolorization involves an oxidation-reduction reaction with hydrogen rather than 
free molecular oxygen aerobic system (Anjaneyulu et al., 2005). Anaerobic 
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bioremediation of azo and other soluble dyes to undergo decolorization by breaking 
them into corresponding amines has been widely researched. Primary degradation 
and decolorization of dyes with azo-based chromophores can be achieved by the 
reduction of the azo bond. This can be done by using strong reducing agents such as 
sodium hydrosulphite, thiourea dioxide, sodium formaldehyde sulphoxylate and 
sodium borohydride. Reduction of the azo bond can also be achieved under the 
reducing conditions prevailing in anaerobic bioreactors. The amines produced by the 
reduction of the azo dyes are colorless but they are very resistant to further 
degradation under anaerobic conditions. Many anaerobic (e.g. Bacteroides sp., 
Eubacterium sp., and Clostridium sp.) and facultative anaerobic (e.g. Proteus 
vulgaris and Streptococcus faecalis) bacteria can decolorize various azo dyes under 
anaerobic conditions via reduction of the azo bond. The exact mechanism of azo dye 
reduction is not clearly understood yet. The different mechanisms may be involved 
like enzymatic, non-enzymatic, mediated, intracellular, extracellular and various 
combinations of these mechanisms (Arnorld,2009). Many authors have been reported 
that anaerobic condition using following organisms seems to be effective: 
Shewanella oneidensis MR- 171, Bacteroides sp., Eubacterium sp., and Clostridium 
sp. Under anaerobic condition azo dyes are degraded and converted into aromatic 
amines, which may be toxic, mutagenic, and possibly carcinogenic to mammalians. 
Therefore, to achieve complete degradation of azo dyes, another stage that involves 
aerobic biodegradation of the produced aromatic amines is necessary (Xiao et 
al.,2012 and Zille et al.,2005). This anaerobic reduction implies decolorization as the 
azo dyes are converted to usually colorless but potentially harmful aromatic amines. 
Aromatic amines are normally not further degraded under anaerobic conditions. 
Anaerobic treatment must therefore be considered merely as the first stage of the 
complete degradation of azo dyes. The second stage involves conversion of the 
produced aromatic amines under aerobic condition. For several aromatic amines, this 
can be achieved by biodegradation under aerobic conditions. Combined anaerobic 
and aerobic bacterial biodegradation of azo dyes, as well as its applications in 
wastewater treatment processes. 
2.3.4.3 Combined anaerobic&aerobic treatment 
The common observation that has emerged over the years is that most dyes are 
generally recalcitrant to aerobic degradation but can be reductively decolorized under 
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anaerobic conditions. The azo dyes are toxic, and also become harmful to the 
environment by the formation of aromatic amines, which are carcinogenic and/or 
mutagenic, when degraded in anaerobic condition. Azo dyes are usually degraded 
under anaerobic conditions by bacteria to colorless toxic aromatic amines, of which 
some are readily metabolized under aerobic conditions. Usually, bacterial 
biodegradation of azo dye is carried out in two separate stages. The first stage 
involves reductive cleavage of the dyes azo linkages, resulting in the formation of 
generally colorless aromatic amines. The second stage involves aerobic degradation 
of the aromatic amines. Reduction of azo dye usually proceeds under anaerobic 
conditions, whereas bacterial biodegradation of aromatic amines is an almost 
exclusively aerobic process. A wastewater treatment process in which anaerobic and 
aerobic conditions are combined is therefore the most logical concept for removing 
azo dyes from wastewater. 
The mineralization of azo dyes requires integrated or sequential anaerobic and 
aerobic step. Sequential microaerophilic aerobic reactors using Staphylococcus 
arlettae was also applied for biodegradation of various dyes.( Franciscon et 
al.,2009,Moutaouakkil et al.,2004) 
Over a long period of time it is clear that dye are not easy to degrade. Many 
biological technologies are available which can degrade the dye. But, due to complex 
nature of textile effluent, these technologies are failed to be implemented. While 
purifying the textile wastewater  single universally applicable end-of-pipe solution 
appears to be unrealistic, and combination of appropriate techniques is deemed 
imperative to devise technically and economically feasible options. An in-depth 
evaluation of wide range of potential hybrid technologies delineated in literature 
along with plausible analyses of available cost information has been furnished. 
2.3.4.4 Some other biological treatment 
In practice especially wastewater which is called industrial usually requires combine 
treatment namely not chemical or biological due to reuse issue. Hence only 
biological/chemical treatment application is not suitable for industrial effluent Lotito 
et al. (2014) treat the  textile wastewater sequencing batch biofilter granular reactor 
system that combines the advantages of attached biomass systems. 82.1% COD 
reduction was achieved.Nevertheless it seem to radically biological treatment,but the 
 17 
wastewater was added with municipal one. Another case is the same basic actually; 
attached growth fixed bed biofilm reactor.Papadia et al.(2011) compare the 
efficiency of four pilot scale reactors with different configurations and fluid dynamic 
characteristics. 
2.3.5 Membrane bioreactor (MBR) 
MBR consists a membrane filtration process and biological wastewater treatment 
process, typically the activated sludge. Mostly it is well known with its separation is 
what microfiltration, ultrafiltration, nanofiltration and reverse osmos even so it has 
some advantages in terms of biological process that increases the yield and effluent 
quality via letting the high biomass concentration without any breakdown. 
Accordingly experiences of researches during the fifty years on MBRs, prominent 
advantages are: 
A membrane module replaces the traditional secondary clarifier. This module is 
more compact and the quality of rejected water is independent of the variations of 
sludge settling velocity. 
The MBR allows the biomass concentrations to be higher than for traditional 
treatment plants. With poor settling flocs avoided, biological degradation is more 
complete and treatment efficiency is higher.  
The volume of the aeration tank can be also reduced since a higher concentration of 
biomass can be stored in the bioreactor. 
The production of sludge, the disposal of which is often difficult, is decreased by a 
factor of to resulting in a reduction of the overall operating costs. 
The membrane bioreactor is perfectly integrated in the industrial process because the 
wastewater can directly be treated in situ, allowing water reuse and concomitant 
reduction of the manufacturing costs linked to water consumption. 
Unlike the conventional activated sludge system, the membrane bioreactor is 
characterized by a complete retention of the biomass inside the bioreactor because of 
the use of membrane separation, which controls and increases the sludge retention 
time (SRT) independently from the hydraulic retention time (HRT). High SRTs 
enable one to increase the sludge concentration and the applied organic load, thereby 
increasing the pollutant degradation. 
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Membrane technologies are being applied when very high quality effluents are 
required, for instance for water reuse. In addition, its process could be used as a 
pretreatment before main case or secondary/tertiary treatment after main case. 
Hence, it must be analysised and classified separate ways that are; membrane process 
and membrane bioreactor (MBR) in literature cases however in MBR. Biological 
processes play major roles than filtration processes (Widjaja et al. 2010) where 
particulates in wastewater are converted into end products before filtration is carried 
out by the membrane. 
2.3.5.1 MBR’s mechanism 
The importance of studying membrane behaviour is to select good quality membrane 
in treating high strength industrial wastewater. High strength wastewater consists of 
diverse contaminants that could possibly corrode the membrane and lead to 
operational failure. The efficiency of the membrane also depends on the size of 
pores, types of materials, types of wastewater to be treated, solubility and retention 
time. Retention is observed due to the MLSS concentration change between the 
retentate (a part of solution that cannot cross over the membrane) and permeate 
(solution after filtration). Permeability, flux, pressure (TMP) and resistance are the 
parameters that also need to be considered. Permeability is flux per pressure (J/dP) or 
LMH/Pa. Flux (LMH) is the flow of permeate per unit of membrane (component 
accessibility to the membrane) and it is related to hydraulic resistance, thickness of 
the membrane or cake layer and driven force. Driven force is the gradients of 
membrane potential area (unit area of the membrane) of mass transport that involve 
pressure and concentration of particles. The mass transport mechanism for the 
membrane depends on the structure and materials of the membrane. Membrane 
structure plays an important role in transport mechanism whether the structure is 
parallel or in series. Diffusion and solubility of the component are related to the 
kinetic ability of mass transport for membrane. For the membrane itself, pore-size 
membrane participates in kinetic mass transport. The types of membranes used are 
different depending on the size of contaminants contacting during the treatment 
process.  
Basically contaminants with the size of a particle from 100 to 1000 nm use 
microfiltration (MF) for removing suspended particles, ultrafiltration (UF) for 
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particle size 5–100 nm (bacteria and virus), and nanofiltration, (NF) for particles 
with size 1–5 nm for dissolved particles. In treating high strength industrial 
wastewater with shock loading of matter, microfiltration is chosen among the others 
in order to prolong membrane usage. Most of the treatment plants use MF or UF 
instead of NF with regard to fouling and cost factors. 
2.3.5.2 MBR’s module and configuration 
Two types of materials materials are used to construct membranes polymeric and 
ceramic. Ceramic membrane is usually used for industrial wastewaters and has a 
good performance in filtration compared to polymer due to its high chemical 
resistance, is inert and easy to clean. Chemical stability does not only depend on the 
materials used but also on the size of the pore where it reduces the stability of the 
membrane when the structure is too fine. Ceramic also has higher hydrophilic ability 
due to the water contact angle. However, the main setback of ceramic membrane is it 
is very expensive to fabricate and it is easily breakable .However, in recent 
membrane technology development, polymers have been used commercially in the 
form of PVDF, PES, PE and PP because of good physical and chemical resistance. 
Polymer membrane (porous membrane) has its own weaknesses where it can foul 
easily because of its hydrophobic characteristic. The hydrophobic membrane is used 
because the pore size can easily be fabricated.  
Membrane configuration (Figure 2.2) also play an important part since every 
configuration has its own advantages and disadvantages based on the cost, capability 
to withstand turbulence and back-flushing (normally suitable for HF membrane). 
 
 
Figure 2.2 : MBR Configurations 
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At Fig.2.2, the typical membrane configuration diagrams are given. First diagram is 
for the external configuration, at this system the mixed liquor is filtered under 
pressure in a specific membrane module, whereas for the submerged configuration 
(second diagram), the filtration is carried out in the aeration basin by suction removal 
of the effluent. The submerged configuration appears to be more economical based 
on energy consumption for two main reasons: no recycle pump is needed since the 
aeration generates a tangential liquid flow near the membranes, and the operating 
conditions are much milder than in an external MBR system because of the lower 
values of TMP and tangential velocities. 
 
Figure 2.3 : Membrane applications of industrial wastewater 
At Figure 2.3, mostly used membrane applications for industrial wastewater are 
given. Choosing the configuration MBR that it was evaluated depend on wastewater 
feature, treatment plant also. However, both of them has some advantages and 
disadvantages correlation with other subjects. Selection of appropriate membrane 
process as well as understanding of the separation behavior of particular membrane 
process to a specific effluent under different operational conditions are vital to 
designing apracticable membrane process. The sMBR (second diagram) system has 
less operational cost because there is no recirculation loop compared to the eMBR 
system (first diagram) and a biological process occurs around the membrane in 
sMBR. Both of them need to pump out the excess sludge to maintain sludge age. The 
mode of membrane transportation could be pressure driven or vacuum driven. There 
are also aerobic and anaerobic MBR where oxygen acts as an important medium for 
the microbial growth in the aerobic process whilst anaerobic is done without oxygen. 
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Figure 2.4 : Dead-end and cross-flow filtration modes 
In membrane application, there are two types of membrane operations dead-end (firs 
diagram) and cross-flow (second diagram) operations and are shown in Fig. 2.4. Both 
are pressure driven (TMP) with the dead ends filtered perpendicularly to the 
membrane surface. The solids from the feed that are greater than pore size are easier 
to deposit on the membrane surface. Most dead-end processes are in batch process. 
Cross-flow is liquid flow parallel to a filter surface and suspended particles are 
transported across membrane surface by permeate flow due to pressure drop. This 
type of filtration is basically carried out by using hollow fibre (HF), flat sheet (FS) or 
multi tubular (MT) elements. Cross-flow filtration can reduce reduce formation of 
cake layer on the surface of the membrane. Critical flux is an important parameter 
that needs to be considered during MBR operation. It is a value of flux that exists as 
irreversible deposit. There is no fouling below the critical flux. Critical flux happens 
when a thick cake layer forms on the membrane. Fouling could happen when the flux 
is above critical flux. 
2.3.6 MBR for industrial wastewater 
2.3.6.1 General characterization of industrial wastewater 
Major sources of industrial wastewaters include the food processing, pulp and paper, 
textile, chemical, pharmaceutical, petroleum, tannery, and manufacturing industries. 
Characteristics of industrial wastewaters can usually be represented by the basic 
parameters, including chemical oxygen demand (COD), biochemical oxygen demand 
(BOD), suspended solids (SS), ammonium nitrogen (NH
4+-
N), heavy metals, pH, 
color, turbidity, and biological parameters. 
Compared with municipal wastewater, industrial wastewaters usually have a high 
organic strength and extreme physicochemical nature (e.g., pH, temperature, 
salinity), and contain synthetic and natural substances that may be toxic to or inhibit 
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biological treatment processes. Municipal wastewater is characterized by low organic 
strength (250–800 mg COD/L), whereas industrial operations often generate strong 
(>1000 mg COD/L) to extremely strong wastewaters. In general, extreme pH and 
salinity may give rise to difficulties in the biological treatment of industrial waste 
streams. Inhibition of many microorganisms and deflocculation of sludge flocs were 
frequently encountered problems when wastewater treatment systems were operated 
under these conditions. In addition, industrial wastewaters may contain a large 
variety of potentially inhibiting or toxic compounds (e.g., aromatics, phenols, 
chlorinated or fluorinated compounds, volatile organic compounds (VOC), heavy 
metals, surfactants, biocides). Some of the toxic compounds may be mostly inert to 
biodegradation and may require additional physicochemical treatment, either as pre 
or post treatment depending on their effects on the biological process (e.g., heavy 
metals). Other compounds may be persistent to biodegradation under the conditions 
encountered in most wastewater treatment processes, and in some cases the 
combination of physicochemical treatment with biological treatment could be 
beneficial. 
The wastewater COD ‘‘hardness’’ is based on the biodegradable and non-
biodegradable elements contained in the wastewater. High wastewater BOD5/COD 
ratio indicates ready biodegradability while low BOD5/COD ratio indicates slow 
biodegradability or that the wastewater contains part of non-biodegradable elements. 
The biodegradability ratios for textile and tannery industries are low when compared 
with food industries due to the high content of ‘hard’ COD and other diverse 
pollutants. 
2.3.6.2 Treatment of industrial wastewater with MBR 
MBRS are increasingly applied for industrial wastewater treatment as the 
implementation of membrane ultra-filtration for solids retention into biological 
treatment system leads to several substantial improvements compared to 
conventional biological processes: The combination of activated sludge units and 
membrane filtration for biomass retention generally results in high effluent qualities 
and compact plant configurations. Complete solids removal, a significant disinfection 
capability, high rate and high efficiency organic removal and small footprint are 
common characteristics with every wastewater type to be treated. An important 
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feature of MBRs is the possibility to employ high sludge ages facilitating the growth 
of specialised microorganisms and in such a way promoting improved degradation of 
refractory organics. This makes MBR technology a highly promising technique for 
industrial wastewater purification. Therefore MBR effluents can be of a quality 
suitable for direct recycling or after further purification by additional post-treatment 
steps. 
MBR has its own capabilities that bring industries to choose MBR in treating high 
strength wastewater. MBR is known as an alternative for conventional activated 
sludge treatment. CAS is different from MBR where settleability is negligible with 
the presence of membrane application. MBR also can give high performance in 
treating water besides having less footprints compared to conventional activated 
sludge where secondary clarifier processes are eliminated. MBR also produces high 
quality effluent (S.Chang, 2006), good in removing organic and inorganic 
contaminants, capable to resist high organic loading (Q.Zhang, 2009) and has lesser 
sludge generation (Radjenovic, 2008). Due to the advantages of MBR, some 
industries reuse treated water for other processes, for instance, industrial sanitary and 
landscape purposes. In some other cases, the MBR treated water is reused for heat 
integration and processing by ensuring the water treated by MBR has a lesser amount 
of contaminants to avoid sensitive equipment or pipes from breakdown (Le-Clech, 
2006). 
The aerobic membrane bioreactor process has successfully treated effluents from a 
range of industrial wastewaters, including cosmetics, pharmaceuticals, textiles, 
abattoirs, metal fabrication, paper and pulp, rendering and chemical manufacture. 
The very high quality of the treated water from a membrane bioreactor process is 
common to all commercial aerobic systems. In general cases where high-strength, 
complex industrial waste streams are treated and settling and clarification problems 
are regularly encountered, MBR systems become an attractive option (Nagano et al. 
1992). With new advances in membrane design and technology, the MBR processes 
appear to have a promising future in industrial wastewater treatments (Cicek et 
al.,1998). In recent years, the annual publication related to MBR technology reached 
nearly 400 per year, (Meng et al., 2009) and some of them were applied to industrial 
wastewater treatments. A recent market survey published in Water21 (December 
2009) indicated that 566 out of the 800 full-scale MBR plants in operation in Europe 
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are for industrial applications. Although a considerable number of papers have been 
published, there are still some challenging issues with MBR systems, particularly 
membrane fouling control. not cover most of the recent studies regarding various 
industrial wastewater treatments with MBR systems. 
2.3.6.3 MBR technology for textile wastewater 
As it mentioned before, it is advantageous to use a membrane bioreactor (MBR) 
which combines the benefits of high biomass concentrations with the possibility to 
run a continuous process at controlled biomass retention. There are several 
advantages associated with the MBR, which makes it a valuable alternative over 
other treatment technique (Krause, 2003). 
Retention of all suspended matter and most soluble compounds within the bioreactor 
leads to excellent effluent quality capable of meeting stringent discharge 
requirements and opening the door to direct water reuse.  
The possibility to retain all bacteria and viruses results in a sterile effluent, 
eliminating extensive disinfection and the corresponding hazards related to 
disinfection by products.  
Since suspended solids are not lost in the clarification step, total separation and 
control of solids retention time (SRT) and hydraulic retention tome (HRT) are 
possible.  
Requires a large reactor volume compared to conventional processes significantly 
reducing plant footprint, which makes it desirable for water recycling application. 
Membrane bioreactor, a remarkable improvement over the conventional activated 
sludge treatment has been set forth as a promising option in colored wastewater 
treatment. MBR for decoloration has often been envisioned in conjunction with 
simultaneous adsorption (Seo, 1997). A treatment scheme comprising activated 
carbon amended anaerobic reactor preceding aerobic MBR realizes stable 
decoloration along with high TOC removal, with concurrent improvement in 
activated sludge dewaterability and reduction in filtration resistance. For reuse 
purpose MBRs have occasionally been envisaged as the main treatment process prior 
to a polishing nanofiltration step (Schoeberl, 2004), or even as the core of a rather 
elaborate treatment train including anaerobic/aerobic pretreatment prior to MBR and 
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ozonation following it. MBR and membrane filtration technology are different 
application in literature. Plenty of study was made using membrane filtration for 
textile wastewater as pre or post treatment whereas it is hard to find with MBR. A 
summary of MBR to textile wastewater is submitted by Zheng et al (2006) tested a 
laboratory scale hollow fibre submerged MBR with gravity unit. The removal rate 
were 80% and 60% COD and color respectively. Hai et al. 2008 tried a SMBR which 
is implemented white-rot-funus and 99 % COD removal rate was occurred. Yiğit et 
al. (2007) investigated a pilot scale submerged MBR, the results show MBR is good 
application or textile wastewater. Spagni et.al., 2010 evaluated the treatability of 
simulated textile wastewaters in a bench-scale experimental system, comprising an 
anaerobic biofilter, an anoxic reactor and an aerobic membrane bioreactor. The 
membrane was hollow fibre SMBR and its process was UF. Maximum COD remoal 
rate was 79%. A bioaugmented membrane bioreactor (MBR) containing a GAC-
packed anaerobic zone for treatment of textile wastewater containing structurally 
different azo dyes was observed by Hai et al. 2011 again. GAC-packed anaerobic 
zone, an excellent overall decoloration can be achieved in the bioaugmented MBR. 
Hoinkis et al. (2012) used a large-scale integrated water reuse process based on 
MBR+RO technology. Despite high concentration of low biodegradable chemical in 
the wastewater, the COD removal rate achieved around 90%. Zheng et al. (2013) 
made color removal and chemical oxygen demand (COD) reduction of biologically 
treated textile effluent through submerged filtration using nanofiltration membrane. 
Color removal rate of 99.3% and a COD reduction rate of 91.5%. Furthermore, the 
submerged nanofiltration system possessed high water cleaning efficiency of more 
than 93.0%. Deowan et al. 2013 dealed with submerged MBR a novel membrane 
module called as BioNexGen. They reported 93% COD removal efficiency. 
The primary role of the membrane in an MBR is to provide a barrier against 
suspended solids, but mixed liquor from the bioreactor is often a complex mixture. 
The removal or partial removal of other species is possible, but it is dependent on the 
choice of membrane. Membrane filtration technology, including microfiltration, UF, 
NF and RO, has developed rapidly in recent decades. Traditionally, NF and RO are 
able to remove the majority of dissolved organic matter and inorganic constituents in 
water. However, they are rarely applied to MBRs because of their high hydraulic 
resistance. Microfiltration membranes provide partial BOD removal which is 
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retained in the bioreactor. Ultrafiltration membranes provide a high removal of 
viruses and a reasonable removal of extracellular polymeric substances (EPS). As a 
result they help to retain BOD, which is maintained in the bioreactor. Furthermore, 
HF modules are generally low in cost, have a high packing density and low energy 
consumption (dead-end filtration), are easy to clean (backflushing), and the HF 
bundles are easy to replace; thus they are an attractive option. This indicates that the 
UF-HF SMBR has potential for treating textile wastewater effectively. In thesis 
study, MBR including MF and UF membranes was used in laboratory and pilot scale 
system for treatment of real textile wastewater. 
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3.  EXPERIMENTAL METHODS  
3.1 Materials 
3.1.1 Chemicals 
For COD analysis, K2Cr2O7, Ag2SO4, FeSO4.7H2O, HgSO4, H2SO4 were purchased 
from Merck. Chemicals are used without extra purification. 
3.1.2 Influent textile wastewater properties 
The real textile wastewater was taken from a textile factory in Istanbul. Used 
wastewater was the influent of wastewater treatment plant (WWTP) of industry. The 
general properties of wastewater are given at Table 3.1. 
 Influent Wastewater Characteristic Table 3.1 :
Parameter Concentration (mg/l) 
COD 690±50 
TP 18.7±1.0 
NO3 1.36±0.8 
PO4 14.3±1.2 
TKN 52 ±5 
3.1.3 Membranes 
For lab-scale experiments, polyethersulfone (PES) flat sheet membrane was used and 
this membrane was fabricated as ultrafiltration membrane at MEM-TEK laboratory. 
For pilot-scale studies, two different membranes were used and the properties of 
hollow-fibre membranes are given at Table 3.2. The photographs of membrane 
modules are also given at Fig. 3.1 and 3.2. 
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 The membrane properties using at pilot-scale studies. Table 3.2 :
Features MF UF 
Model Philos MegafluxI – 10 Ge Zenon 
Por size 0.1 µm 0.04 µm 
Effective membrane area 2.9 m
2
 0.9 m
2
 
 
 
Figure 3.1 : Photograph of membrane module at MF-MBR pilot scale system 
 
 
Figure 3.2 : Photograph of membrane module at UF-MBR pilot scale system 
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3.2 Analytical Methods 
3.2.1 Mixed Liquor Suspended/Volatile Solids (MLSS) and (MLVSS) 
10 ml activated sludge sample was taken from the experimental medium on daily 
basis. A filter was taken from a dessicator and its tare was weighted (m1). Activated 
sludge sample was filtered from MLSS set under vacuum conditions. The filter was 
dried in oven at 105°C for one hour. Upon drying, the filter was waited in the 
desiccator for 1 h, and then the filter was weighed (m2). MLSS is calculated by 
following equation (3.1); 
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The filter  which is dried in oven 105°C was exposured in oven at 550°C for 45 
minutes then the filter was waited in the desiccator for 1 h, and then the filter was 
weighed (m3). MLVSS is calculated by following equation (3.2); 
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3.2.2 COD analysis 
The water samples were filtered by 0.45µm filter. In order to analyze wastewater 
treatment performance, COD analyses was done with closed-reflux method as 
defined in Standart Methods. Sample of COD was taken from the permeate. Firstly, 
1.5 ml potasium dichromate reagent and 3.5 ml sulfiric acid reagent were put in test 
tube. After this, the influent and permeate samples of 2.5 ml were added to this 
mixture. Prepared COD sample was boiled in thermoreactor for  2 h. at 1500C. After 
this process, the test tubes were left to cool at room temperature. Sample dropped 
ferroin indicator was titrated with 0.025 N FAS (ferrous amonyum sulfate). 
Experiments of COD was carried out with blank sample by using distilled water. 
COD content of sample was calculated as folows (3.3): 
   (
  
 
)  
                
   
  
A: FAS consumption volume  for blank titration (ml) 
(3.1) 
(3.2) 
(3.3) 
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B: FAS consumption volume  for sample titration (ml) 
3.2.3 Color analysis 
The samples were filtered by 0.45µm filter in color analysis. Two methods are used: 
Pt-Co Methods Method (Standart Method 2120) is measured by using 
spectrofotometery. RES Method: EN ISO 7887 is also measured by using 
spectrofotometery 436, 525 and 620 nm wavelenght (A;abs). Color is calculated by 
following equation (3.4); 
A/d×f=RES                   (3.4) 
d: thickness of vessel (mm) 
f: factor of spectral absorbans value to convert  unit of m
-1
 
RES: color value at wavelenght (m
-1
) 
3.2.4 In-Situ measurement parameters 
At the pilot scale MBR system, the measurement devices were integrated to system. 
In-situ parameters were reported every 10 minutes by automatically with these 
devices to computer. pH was measured in aerobic basin whether acidity or alkalinity. 
Dissolved oxygen was measured in aerobic basin which is very vital biologic 
treatment process. Oxidation-Reduction Potential (ORP) was measured at the aerobic 
basin and gives to the information about the oxygen in the reactor. Negative value 
means decreasing oxygen, positive value means the reactor has enough oxygen. 
Vacuum pressure nad flow rate were regulated by manually. Flow rate was stable 
whereas vacuum changed continuously. 
3.3 Experimental Setup  
3.3.1 Laboratory scale system  
The same textile wastewater at the pilot scale studies was used for lab-scale studies. 
Lab-scale MBR system had 19-L working volume. MBR system was operated at 
semi-continuous mode. Inlet and permeate samples were analyzed in terms of COD 
and color. Additionally the mixed liquor suspended solids (MLSS) was measured in 
the reactor, daily. The system has been operated during 42 days.The membrane was 
physically cleaned ever day .The lab-scale system is illustruated in Figure 3.3. 
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Figure 3.3 : Laboratory scale MBR 
3.3.2 Pilot scale MBR 
The pilot scale system consist of equalization tank, anaerobic, anoxic and aerobic 
basins and effluent tank. Membrane module was submerged in aerobic basin. The 
volume of aerobic tank was 300 L. The system was operated 30 min filtration and 3 
min. back washing. The system was automatically controlled with Programmable 
Logic Controller (PLC) system. Aeration at aerobic tank was supplied by a blower. 
The permeate was obtained with peristaltic pump and the vacum pressure was 
monitored continuously. 
 
Figure 3.4 : Photograph of pilot scale MBR 
MBR system has three tank which designed used as both anaerobic, anoxic and 
aerobic too. MBR system was placed at treatment plant of textile industry and the 
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Vacuum 
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Air pump 
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 32 
activated sludge which is taken to Ambarlı Municipal Advanced Biological 
Treatment Plant was inoculated to the aerobic basin of MBR at the beginning of 
working period. The pilot scale system was operated at three different conditions. At 
first operation period, microfiltration-MBR (MF-MBR) process was operated during 
29 days. Figure 3.5 shows the flow chart of first operation mode. 
At second operation mode, in figure 3.6 below, the anaerobic and anoxic tanks were 
used as the settling tanks without mixing. These tanks supplied the primary settling 
for big particles into feed water. Second operation was occured by using 
ultrafiltration-MBR (UF-MBR) process during 25 days. Figure 3.6 shows the system 
for second operation. While running the second operation, the activated sludge was 
taken İSTAÇ-Kemerburgaz and was inoculated to the aerobic tank of MBR system. 
 
Figure 3.5 : Process diagram of pilot scale system during first operation 
Third operation was occured by using UF-MBR together with pre-anaerobic 
treatment during 26 days. The anaerobic sludge was taken from Pakmaya industry 
and was inoculated to the equalization tank without mixing. Figure 3.7 shows the 
system during the third operation. Color is an issue what is diffucult to treat in 
wastewaer because of its non-bbiodegredable structure. In aerobically bacteria could 
not eat them. In literature one of the most favorable vay to degrade the color 
anaerobic treatment. The third operation especially focused on color. 
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Figure 3.6 : Process diagram of pilot scale system during second operation 
 
 
 
 
 
 
 
Figure 3.7 : Process diagram of pilot scale system during third operation 
3.3.3 Water Reuse Studies with NF and RO membranes 
For determining reuse quality of pilot-scale MBR effluent, the nanofiltration and 
reverse osmosis membranes were used and short-term filtration tests were done using 
a dead end filtration system. Membranes were selected as DOW-NF270 and DOW-
ROXLE. The pressures were set as 8 bars for NF270 and 12 bar for ROXLE. The 
inlet and permeate samples were analyzed with COD and color parameters. 
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4.  EXPERIMENTAL RESULTS  
4.1 Results of Lab-Scale MBR Studies 
Fig. 4.1 shows the operational performance of MBR under the lab-scale operation for 
constant pressure (0.2 bar) and permeate ﬂux was found around 4 L/m2h with the 
mixed liquor suspended solids (MLSS) around 3.5 g/L and temperature of 20–25 °C. 
As shown in Fig. 4.1, the flux values increased gradually (from 19 L/m
2
h to 4 L/m
2
h) 
due to the membrane fouling. 
 
Figure 4.1 : The flux graph in lab-scale system  
At lab-scale system, the change of suspended solids concentration in reactor is 
showed as graphically at Fig.4.2. Average MLSS concentration was measured as 
3500 mg/L. During lab-scale operation, the MLSS concentration had a tendency of 
decrasing. 
The lab scale COD removal efficiency is given in Figure 4.3. COD was measured at 
permeate samples as daily. COD is one of the main parameters to define the 
performance of a MBR system in terms of biodegradability (Deowan, 2013). As 
shown in Fig.4.3 the COD removal efficiency was around 50% except some 
fluctuations between 13-24 days.  
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Figure 4.2 : The graphs of MLSS concentration in lab-scale system  
 
 
Figure 4.3 : The graphs of COD removal rate in lab-scale system 
The color values of textile wastewater is one of the most critical aspects for 
membrane filtration performance. For color analysis, RES method was used. RES 
method gives the idea about yellow color (400-500 nm), red color (500-600 nm) and 
blue color (600-700 nm). As indicated in Fig. 4.4, at effluent of lab-scale MBR, the 
yellow color value (at 436 nm) was higher than red (at 525 nm) and blue (at 620 nm) 
colors. The real photographs of inlet and effluent samples  are given at Fig.4.5. The 
inlet wastewater had yellow-brown color and the effluent color was light-brown 
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color. The color removal efficiencies are found as averagely 41.5 % at 436 nm,49.1% 
at 525 nm and 45.3% at 620 nm. 
 
Figure 4.4 : The color graphs of effluent in lab-scale MBR system 
 
 
Figure 4.5 : The photographs of inlet and effluent samples 
The experiments have been carried out for 42 days in lab-scale MBR system under 
the same operating conditions. The preliminary results carried out using lab-scale 
MBR shows bit lower COD and color removal efficiencies. In the next section, the 
experiment with pilot-scale MBR will be continued and the results will be compared 
with the lab-scale MBR.  
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4.2 Pilot Scale System Results  
In order to demonstrate the feasibility of pilot-scale MBR technology, the operational 
performances of MBR with in-situ measurements, as well as the water qualities of 
MBR efﬂuent were investigated in three phases through the pilot operation. The 
operational performances were measured as ORP, DO, pH, vacuum pressure and 
permeate flow-rate using in-situ devices. The water qualities were evaluated by COD 
and color and MLSS and MLVSS concentrations at MBR tank were measured for 
sludge properties. 
4.2.1 In-Situ Measurement Parameters 
Fig.4.6 shows the ORP values of MBR measuring at settling tank-1, settling tank-2 
and aerobic tank. At settling tanks, ORP values measured as negatively and the 
negative ORP values indicate that there is no oxygen in settling tanks. The settling 
tanks were full of  inlet wastewater and the mixed equipment was not used thus the 
oxygen values decreased and ORP had negative values. At aerobic tank, ORP values 
had positive values but with time the values decrease towards negative values. It 
means that the oxygen values decreased with time at aerobic tank (or MBR tank). 
After 24 days, ORP value dropped due to rise of biological activity correlation with 
MLVSS concentration day by day. 
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(a) 
(b) 
(c) 
Figure 4.6 : Graph of ORP values at settlin g tank-1 (a) at settling tank-2 (b) at 
aerobic tank (c) 
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Fig.4.7 shows the DO values of MBR measuring at aerobic tank durig operation 
periods. At first 20 days, DO values changed between 3 and 3.5 mg/L. After 
acclimization of bacteria, DO decreasedaround 3.0 mg/L at first operation period. At 
second period, DO values increased then again they decreased at last period because 
of anaerobic pretreatment. 
 
 
Figure 4.7 : The graphs of dissolved oxygen in aerobic basin 
As it seen in Figure 4.8, pH in aerobic basin usually is between 7.5-8. pH was 
controlled continously and regulated with 1M phosphoric acid. 
 
Figure 4.8 : pH value of aerobic tank in pilot scale system 
As shown in Fig. 4.9, the ﬁltration in the aerobic reactor resulted in a rapid increase 
in TMP from 0.02 bar to 0.1 bar during operation periods. TMP increased because 
the system was operated under same flow rate. The submerged membrane fouled and 
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the need of vacuum pressure increased for filtration. First days vacuum pressure was 
observed -0.02 bar whereas -0.1 bar at last operation days. The another reason of this 
rise is the increase of MLVSS concentration of aerobic basin that can be reason for 
membrane fouling. The required vacuum pressure in second and third operation was 
bigger than first operation due to UF-MBR which pore size is more smaller than the 
microfiltration membrane.  
 
Figure 4.9 : Variation of TMP in aerobic tank  
 
 
Figure 4.10 : Daily inlet wastewater rate in the pilot scale system 
Daily flow rate of permeate is made by using system value that can following 
manually. Flow rate is raising step by step due to regulate HRT that gives the 
essential time to treat. Daily flow rate is given in Figure 4.10. 
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4.2.2 Analysis Parameter Results 
COD is one of the main parameters to define the performance of a MBR system in 
terms of treatability. The values of inlet and effluent COD are given in Fig.4.11 and 
Fig.4.12. As was observed, a great variation can be seen in the inlet and efﬂuent 
COD values of pilot-scale MBR  process. Inlet COD values were measured in range 
of 800-1000 mg/L. Effluent COD values changed between 250 and 300 mg/L. 
Especially in UF-MBR period the values are stable around 250 mg/L.  
 
Figure 4.11 : The inlet COD values of MBR 
 
 
Figure 4.12 : The efﬂuent COD values of MBR 
As shown in Fig. 4.13, the COD removal efficiency was around 60% except some 
fluctuations in phase 1 and phase3.  
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Figure 4.13 : COD removal efficiency 
Fig.4.14 shows the MLSS and MLVSS concentration in aerobic tank. Average 
concentration of MLSS is about 8000 mg/L. At Fig.4.15, MLVSS concentration in 
MBR is given. However, the variations of MLVSS/MLSS ratio are given in Fig.4.16. 
It demonsrates that the ratio is becoming one, the biological part of MLSS increased.  
 
 
Figure 4.14 : Variations of MLSS concentration in aerobic tank 
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Figure 4.15 : Variations of MLVSS concentration in aerobic tank 
 
 
Figure 4.16 : Variations of MLVSS/MLSS ratio 
The treatment of dye wastewater has been one of the most bothersome issues to be 
solved due to its high color, heavy toxicity, and non-biodegradable characteristics 
even at very low concentration. In recent years, methods for decolorization and 
degradation of textile effluents have received considerable attention. Several 
wastewater treatment processes, such as coagulation, advanced oxidation, adsorption 
and biodegradation, have been used for the dye wastewater treatment. Among the 
various methods, the biological treatment is most commonly used in practice 
worldwide and regarded as efficient options to deal with dye wastewater due to its 
simplicity and low cost 
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(a) 
(b) 
(c) 
Figure 4.17 : Color values of inlet and effluent samples at 436 nm (a), 525 nm (b) 
and 620 nm (c) 
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At Figure 4.18, color value was given in terms of Pt-Co method. After the first 
period, PtCo method was started to used also. Color removal efficiency as found 
between 40-50 %. MBR, which shows to be one of most promising biological 
technologies in water treatment has potential for the stable and efficient degradation 
in textile wastewater treatment (Qin, 2012). In pilot-scale studies, the color was 
measured with RES method (at 436, 525 and 620 nm) and also with Pt-Co method. 
The inlet and effluent values was given in Figure 4.17. The average removal 
efficiencies of color was found between 37,39,40 % at 436, 525 and 620 nm 
respectively with MBR. 
Figure 4.18 : Color value measured in terms Pt-Co method 
In the literature, the similar studies were applied with textile wastewater. As it was 
mentioned above and before, most similar and analogous case are ,for instance; Yiğit 
et al (2007) used hollow fibre pilot scale UF-sMBR. It is reported that average MLSS 
concentration is 13.900 mg/l, 95% COD reduction was gained.Color value decreased 
till 50 PtCo from 8100 PtCo inlet. Grilli et al. (2011) applied bench scale system 
comprising an anaerobic biofilter, an anoxic reactor and an aerobic hollow fibre UF-
sMBR. The MBR effluent was thereafter treated by a NF membrane. COD removal 
rate is occured between 50-95% whereas color removal rate is occured between 70-
90%. They said biological UF wastewater treatments are not usually capable of 
producing the appropriate water for reuse.Deowan et al. (2013) tried hollow fibre 
pilot scale UF-sMBR. The COD removal efficiency was around 90% and Red and 
Blue colour removal efficiencies were 25-70% and 20-50% respectively.This studies 
can compare tis thesis study which include pilot scale hollow fibre UF-sMBR. 
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4.2.3 Reuse Study 
NF270 and RO-XLE membranes were used for MBR effluent. The recovery rate was 
set as 80%. The flux graphs are given at Fig.4.19 (a-b). The average flux values were 
found as 4.0 L/m
2
.h for NF-270 and 14.6 L/m
2
.h for RO-XLE. COD and color 
removal efficiencies at NF-270 were calculated as 70% for COD and 85.3% for 
color. However, at RO filtration, the COD and color removal efficiencies were found 
as 92% for COD and 98% for color.  
(a) 
(b) 
Figure 4.19 : The flux graphs of NF-270 and RO-XLE membranes at MBR effluent. 
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In literature likewise, Liu et al. (2011) compare the effectiveness of RO and 
NFmembranes in the treatment of biologically treated textile effluent in terms of 
COD removal.They found that Both the membranes could reduce COD to a desirable 
level of less than 10.0 mg/L. However, the NF membrane showed better COD 
removal efficiency compared to the RO membrane, possibly due to its sieving 
removal mechanism. And also Hoinkis et al. (2012) applied RO technology to treated 
MF-sMBR. The removal ratio of color in the MBR system achieved 60% to 75% 
only through the biochemical degradation. With regard to water reuse due to its 
colouration an additional treatment step such as nanofiltration or reverse osmosis 
might be necessary depending on the water quality requirements Additionally as it is 
mentioned before membranes can use and prefer only its filtration process UF, NF or 
RO when treating textile wastewater without biological process. 
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5.  CONCLUSIONS  
MBR system was evaluated as a novel system for industrial system since their well 
filtration ability and  qualification of support biological treatment system. However 
textile wastewater is categorized hard-treated-water. In literature biological process 
approach were promoted with special kind of bacteria or fungi with MBR. The 
biological treatment has many advantages over physical or chemical methods. There 
is a possibility of biological degradation of dye molecules to CO2 and H2O and 
significantly less amount of sludge formation take place. The capability of biological 
treatment process for decolorization of industrial effluents is ambiguous, different 
and divergent. In industries, MBR is used as secondary treatment so as to reduce 
biodegradable and non-biodegradable matter in the end product or in advance 
treatment to remove residual nutrients which are not fully removed during secondary 
treatment. 
In this thesis study, the submerged and hollow fibre membrane bioreactors (MBR) 
were operated at lab-scale and pilot-scale, respectively. At lab-scale MBR system, 
%50 COD removal and 41.5,49.1,45.3% color removal were obtained at 436,525,620 
nm respectively. COD and color removal efficiencies of real textile wastewater with 
a pilot-scale MBR using hollow fibre ultrafiltration (UF-MBR) and microfiltration 
(MF-MBR) were found as 60% for COD and 47.1% for color (PtCo), respectively. 
37,39,40% color removal rate are gained at 436,525,620 nm respectively at pilot 
scale system. In the pilot scale system, the maximum COD and color removal 
efficiencies (70-80%) were found at third operation. This indicates that before the 
biological treatment textile wastewater need to pretreatment such as anaerobic. 
At textile industry, the color molecules with low molecular weight can pass the MF 
and UF membranes and hence the color may pose a problem in the water reuse 
process dependent on the quality requirements. Consequently the water reuse 
requires additional treatment such as nanofiltration or reverse osmosis in order to 
increase the proportion of reused water. For this reason, the RO-XLE and NF-270 
 50 
membranes were used for MBR effluent stream. The flux values of these membranes 
were found as 4.0 L/m
2
.h for NF-270 and 14.6 L/m
2
.h for RO-XLE. COD and color 
removal efficiencies at NF-270 were calculated as 70% for COD and 85.3% for 
color. However, at RO filtration, the COD and color removal efficiencies were found 
as 92% for COD and 98 % for color.  
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